In this paper we propose refocusing the research from knowledge portals towards frameworks, which the end user can apply in many decision-making scenarios and which we call 'personal portals'. Rather than pouring resources into a centralised access to knowledge repository, we suggest a more distributed approach to accessing knowledge. The core facets of such approach include:
Introduction
In the recent years various types of knowledge portals as a new type of user interface are gaining popularity. These portals typically contain a wealth of resources, and in order to retrieve appropriate one (usually a text document) they require the document author to provide some metadata describing or otherwise characterising the resource. This reliance on the metadata annotation led to the proliferation of a variety of languages to support this activity. Most of the proposals that are in existence nowadays are variants of SGML (Standard Generalised Mark-up Language) or its better-known successors -XML (eXtensible Mark-up Language) or RDF (Resource Description Framework). However, existing approaches to the application of mark-up languages to documents are rather shallow. In most cases, the authors rarely go beyond a library-inspired index based on a system of metadata. Risking oversimplification of the matter, the idea of annotating documents as practised today is essentially about producing potentially reusable chunks of data, and attaching metadescriptions to these chunks, so that anybody can assess the reusability of a component in question.
The chunks a typical portal works with may take many different forms -from omnipresent textual documents of lesser or greater complexity to design components or indeed learning objects (LOs). A hallmark of the metadata-driven annotation is that the underlying chunks are often complex and rich; therefore, metadata aim to simplify, summarise, or otherwise reduce the informational richness of the actual documents, objects, or components. There is nothing wrong with the actual annotation and seeing it as an opportunity for summarising a rich resource. However, a major weakness is the way such annotations are created. Most approaches rely on a document author or librarian; the annotated (and comprehensible) resources are created manually. Defying this manual effort, there is a wealth of information in semantically unstructured and not annotated formats, which we believe should be used as an intermediate step towards attaining the vision of Semantic Web introduced by Berners-Lee et al. (2001) .
The Semantic Web and technologies related to this broader research agenda are often presented and seen by many as a 'holy grail' for attaining a more natural interaction between humans and machines. The driving vision of the Semantic Web as presented by Berners-Lee et al. (2001) envisions a world "where machines not only provide but also comprehend information and knowledge on the web". This comprehension occurs through associating semantic annotations with fragments of documents or resources. It also relies on annotating the documents. However, annotations are used to infer new relationships and knowledge, to generalise, compare, analyse, or more broadly to reason with the available knowledge. However, in this case, the annotations should ideally go beyond mere enumeration of applicable metadata.
Education and mass production
In the educational domain, a similar trend has occurred in the context of learning objects. According to the IEEE initiative (LTSC, 2001) , a learning object is understood as any entity, digital or nondigital, that may be used for learning. From a pedagogical perspective, each chunk might play a specific role within an instructional design methodology, and should consist of between five and 15 minutes of learning material (Robson, 2001) . One requirement on LOs is 'a description that enables designers to search for and find the right chunk for the right job'. A great driving force behind LOs is their presence on a web, thus providing a capability to be used in the electronic version of the learning process -nowadays known as e-learning.
Learning objects promise learning experiences, where courses and training programmes customised for specific users can be produced quickly, efficiently and economically by choosing and combining 'standard' learning objects accessible from learning repositories. Thus, a lot of emphasis is on making the educational process more 'plug&play' production rather than 'craft'. Consider the previous sentences in the light of the following citation: "Ford's model introduced 'the mass production of standardised goods, using dedicated machines and moving assembly lines, employing unskilled and semi-skilled labour in fragmented jobs, with tight labour discipline, in large factories."
Is it possible to conceive a course production on 'an assembly line' scale -using a range of components, building block or learning objects? The great lure of LOs is visible at both sides of the spectrum. As Maragliano (in Marinucci and Epifany, 2004) observes, many (on the delivery side) think that the (web) is nothing more than a convenient and low-cost solution for producing and distributing learning material. Similarly (on the recipient side), the web offers a fantastic opportunity to receive texts, pictures, and sounds directly on to one's desktop (often for free).
On learning objects
One embodiment of the 'Fordist model of learning' are various knowledge portals pursuing an idea of bringing a range of LOs to one location, enabling users to search this vast repository and recombine individual units into meaningful learning experiences. A knowledge portal (including those for e-learning) can be seen as a web application providing access to data in a semantically meaningful way, making available a variety of resources for diverse target audiences (Corcho et al., 2003) . Current knowledge portals are dynamic in respect to the content of the repositories and presentation means but fairly prescriptive in terms of processes and individual user interaction. In this paper we challenge the traditional view of a portal as a centralised repository for (educational) resources.
The reason why we believe the concept of LOs is less than ideal for the purposes of learning originate in the specific characteristics a successful learning process exhibits. As Stutt and Motta (2004) discuss, learning should show structure, relatedness, and interpretation. Similarly, Polsani (2003) talks about form and relations. Form serves as a foundation for embedding and representing a particular learning target in a specific setting, context, or environment. Learning objects typically exist in a specific form or structure, whereas in reality, one shape cannot fit all tasks and challenges. Usefulness of an object is as much affected by its form as it is by the task the object is used for.
Similarly, relatedness or relations put the entire structure for investigating a particular subject into a broader context. They enable to see the subject of enquiry as a whole and as an integral part of some domain. Thanks to relations, an object or specific structure might be related to other objects and theories. Finally, the structure and relationships mentioned so far are necessary but not sufficient for successful learning. In addition to appreciating structure/form and its relations to other members of an environment, we have to interpret and situate it in a fairly complex space. According to Stutt and Motta, this might include such open systems as social, economic, or political. We introduced the notion of interpretation or 'sense making' in the context of interacting with electronic, web-based resources in (Dzbor et al., 2003) .
Some issues with web-based learning
The core of our argument is a need to consider approaches that are more open-ended. Open-endedness does not necessarily mean to surrender the control over the content of knowledge repositories. We use this concept in terms of being end user centred and lightweight. Our argument focuses on data interpretation, and argues that an ontology for interpreting data is too restrictive if used for structuring a learning portal. We argue that the prevailing paradigm of pulling a user to the data repository is too binding for the purposes of learning. We suggest a shift to a paradigm whereby the user is enabled to pull appropriate and semantically relevant knowledge from wherever they currently are, using the rich and potentially restricted organisational resources. Learning process occurs in situ; it is a situated process giving the best results in a setting that is natural to a particular document or resource.
Traditional approach -knowledge portals
Issues related to knowledge portals were identified elsewhere (Corcho et al., 2003) ; they include a great effort to maintain portals, considerable development curve to integrate the contained information, and difficulties with content presentation for knowledge-intensive dynamic websites. We want to add another significant shortcoming: each portal reflects the perspective of its designer or in the better case, a view of corporate or governmental champions. This traditional approach to knowledge portals is typically based on 'one central repository' paradigm, whence users or learners may retrieve important knowledge to make decisions (Bank, 1996) .
The content of portals is usually well-defined. Recently, portals draw upon advances in ontological engineering (Motta et al., 2000) , which enables them to express richer contextual links among the chunks of content using unambiguous languages of a shared referential framework (or ontology). And this is one of the sources of trouble with knowledge portals. The content captured and encoded using a specific ontological framework is rarely context-free. It has been created to support one or more tasks, such as for example, biotechnology and genetic engineering.
Other contexts that might be applicable remain 'hidden' inside designers', tutors' or learners' minds. This downside is usually tackled by building a portal using an agreed-upon ontology -an explicit, formal, conceptual framework constructed for a particular domain or problem matter (Gruber, 1993) . Corcho et al. (2003) present a typical scenario with 'ontology developers being charged to develop the ontologies … for describing and indexing the content for browsing'. We believe the idea of 'charging someone' is fundamentally wrong, and a similar opinion is voiced by Stutt and Motta (2004) , Polsani (2003) , and Maragliani (in Marinucci and Epifany, 2004) .
Bloom's view on web-based learning
The selection of a particular referential framework for interpreting facts is consensual rather than prescriptive. Different stakeholders may want to choose different ontological perspectives to interact with and interpret the same document. Dynamically chosen perspectives are not new. Cognitive scientists have argued the existence of frames that help people see and understand a problem in a particular light emphasising some features whilst neglecting others (Schön, 1983) . The same task (whether design, learning or web browsing) poses a variety of problems if investigated from different perspectives. This is also valid for knowledge portals: the knowledge content is used and interpreted differently depending on the users' specific perspectives.
Consequently, one of the emerging challenges for e-learning, Knowledge Management, and Semantic Web research communities is to enable the end users interact with the content of handcrafted, as well as ad hoc knowledge repositories in a way that reflects their particular need and task. Admittedly, in a learning context, the range of perspectives for enquiry could be limited, but there is always more than a single perspective -be it among students with different backgrounds or different interests. The challenge is more visible if we broaden the remit of e-learning to include not only the handcrafted, intra-university knowledge but also dispersed, almost anarchic sources, such as those existing on the current web.
To support our argument and demand for recognising and actively supporting multiple perspectives, we refer to a classic theory of pedagogy. Bloom's (1965) taxonomy recognises not only cognitive level as a place where learning occurs, but also affective and psycho-motor. Cognitive level revolves around knowledge used for developing intellectual skills. Its simplest form, according to Bloom, comprises knowledge recall. This is also the stage, on which most portals operate. However, Bloom (1965) suggests additional stages, which are more desirable and persistent:
• comprehension -i.e. (re-)interpretation of recalled knowledge
• application -i.e. abstraction and ability to use knowledge in novel context
• analysis -i.e. formation of inference and reasoning chains with retrieved knowledge
• synthesis -i.e. creation of new structure from patterns in the existing knowledge
• judgment -i.e. ability to consciously base one's decisions on discovered patterns and to recognise value of inferred knowledge.
As can be seen in a brief overview of the cognitive aspects of Bloom's taxonomy, higher cognitive stages of learning expect the learner to interpret, reuse and essentially 'repurpose' the retrieved knowledge. It is a significant progress to start creating knowledge portals dynamically using domain ontologies rather than manually. However, an outstanding issue for portals is how to entice the users into experimenting with higher stages of learning process. Learning cannot be reduced to a passive access to stored knowledge or a retrieval of learning objects based on shallow metadata annotation. Equally important are the processes encouraging learners to explore, analyse, or connect.
The gaps are even wider on the affective level. As Stutt and Motta (2004) suggest, two applicable metaphors for learning are debate and narrative. Both metaphors rely on more tacit dimensions such as appreciation, attitude to knowledge chunk, or a construction of belief in a result of inference. All these dimensions cannot be readily conveyed as procedures or algorithms retrievable from some repositories. They are much more intellectual skills, and skills in general are acquired through repetitive and reflective practice (Schön, 1983) . So what we are suggesting is to consider the design and development of knowledge portals for learning as an opportunity to create representations of best practices for conducting various forms of enquiry within a particular domain. In other words, the best way to learn (say) climate science is to actively engage in the domain and 'do things like the climate scientists would'.
In the remainder we show an approach towards 'personal mini-portals' constructed dynamically and driven by the end users rather than ontology engineers. In order to respond to the challenges of multiple perspective, multisource, and multimodal interaction with knowledge, we draw upon Dzbor's previous research into a framework for conceptualising reflection in (and on) a design process (Dzbor et al., 2000; Dzbor and Zdrahal, 2002) . Here we extend the original focus on engineering design, and propose axioms for a 'F-A-N' (Frame-Annotate-Navigate) paradigm for constructing knowledge portals in general, and portals for learning in particular.
Learning as framing, annotation, and navigation
Conceptual frame and a process of framing have been in the cognitive literature for several decades. One of the more prominent voices in the debate about the importance of frames belongs to Donald Schön (1983) . In his work on the role of reflection in practice, he observes that practitioners draw on their deep domain knowledge and 'simply know' how to achieve their goals. They 'shape' an uncertain situation to reflect this tacit and experiential knowledge. The process of shaping is also referred to as framing:
"Frame is a perspective or a point of view, which implies that certain goals exist, certain bodies of knowledge are relevant, and certain solution forms amending the uncertain situation are preferred." (Dzbor and Zdrahal, 2002) Empirical evidence suggests that in any activity that involves conceptual interpretation (or 'sense making') framing is an important reasoning step that precedes the actual problem solving and essentially guides it; see studies in (Schön, 1983; Reddy, 1988; Nakakoji et al., 1994) . We propose applying the concept of framing also to learning, which is a specific form of problem solving (Friedman and Deek, 2002) , as well as a specific form of conversation with a novel situation (Laurillard, 2002) . Construction of conceptual frames comes more or less automatically in face-to-face learning through various prompts, definitions, or formulated assumptions of the teacher. In the context of web browsing, framing is pushed into more tacit levels. The user still needs to use some form of frame to interpret the document, but there is little opportunity in the existing browsing paradigms to do it explicitly.
Framing in the learning context
A conceptual frame for the purposes of this paper (and learning as a problem-solving activity) can be defined as a pair of two circumscribing knowledge spaces that restrict allowed domain terminology (6) as well as available learning activities (7). Thus, 'framing a learning situation' means subscribing to a set of conceptual learning activities 7, which is accessible (and expressible) through domain concepts existing in set 6. In practice, a learner chooses sufficiently restricted or circumscribed (McCarthy, 1980) domain vocabulary, and attends to the conceptual primitives that occur in the browsed text and relate to the chosen vocabulary.
The principle of framing allows the learner to change his or her point of view as necessary. Consequently, the same web document may be framed and interpreted from a variety of perspectives. In each particular case, only the underlying conceptual frame (the domain vocabulary and activities available) would differ. For instance, in case of a novice student of climate science, the domain vocabulary (set 6) might contain the core concepts needed to talk about climate (e.g. solar and terrestrial radiation, temperature, precipitation, etc.). Domain glossary for an advanced student might be richer and contain concepts from related sciences, too -such as physics or chemistry to help student associate the topics specific to the climate science with other subjects (e.g. 'dark body' radiation, Doppler effect, etc.).
The difference between the two conceptual frames might be even greater in the available learning activities (elements of set 7). In this case, a novice might find it sufficient to gain access to concept explanations or simple indexing services; whereas experts might be more interested in acquiring knowledge about specific experiments, emerging causal relationships or more sophisticated scholarly arguments related to a particular conceptual object. Nonetheless, both our students might access the same document -a primitive learning component. Thanks to framing it differently they would be able to experience different learning activities. If we wanted to refer back to the traditional learning objects, we might see the process of framing as a kind of 'on-the-fly' construction and customisation of various domain resources into a unique and transient 'learning object'.
Role of multiple frames
The main differences of our approach as compared to standard learning object are in the dynamics of the interaction and control over the resources. With regard to dynamics, we suggest it is a user's privilege to choose which particular frame he or she wants to use in a learning situation. With regard to control, learning resources are decentralised and fully distributed; for instance, basic web document might be created by Author A. Each of the available learning activities L i (i=1,2,…) might have a different author B i (in principle). Finally, the domain vocabulary or glossary might be authored by agent C -e.g. a course team or a tutor. Nevertheless, via the process of framing and subsequent annotation of the base web document, the learner is able to experience a unified experience -as if the individual learning activities were defined directly in the base document.
We argue that the dynamics of learning interaction and content decentralisation has to occur on multiple levels. In addition to the actual document content, a dynamic learning framework following the 'F-A-N' principles would be decentralised in respect to:
• provenance (i.e. users need to be able to add and/or repurpose any content, not only simply access it)
• entry (i.e. portals and knowledge inside them should be open to the wider web, rather than simply cover restricted and relatively rigid internal resources)
• narrative (i.e. rather than having a particular ontology structuring a portal, multiple ontological frames should provide multiple perspectives on the same content) • functionalities and knowledge-level activities (i.e. it should be possible not only to add content and semantic annotations, but also services).
We argue that in order to achieve the aforementioned situatedness of learning, and to improve the flexibility of the e-learning processes, we need to consider a shift from traditional knowledge portals to more 'personal' versions as summarised below. Current portals such as EducaNext (Salvachúa-Rodríguez et al., 2003) are represented in the first column. Challenge for the Semantic Web community is to abandon the 'silver-bullet ontology' approach, which assumes using a single ontological perspective for structuring data directly (including the interfaces) rather than merely providing a view over it. In the subsequent parts of the article, we show a partial implementation of the axioms and generic facets of 'personal portals' presented above using our Magpie prototype. Other implementations of the F-A-N framework are possible, and indeed a limitation of Magpie is that it is not yet able to use preexisting annotations. One of its limitations is a focus on a particular form of semantic browsing via contextual menus, where different modalities might be more applicable. Second, although Magpie has flexibility in 'semantic navigation', this is still rather constrained batch mode. Ideally, one would like to have more seamless mechanism to migrate from one ontology to another during navigation. Third, an outstanding question is in finding (or perhaps customising) the balance between the initiatives of the user/learner and the system (that performs reasoning with a conceptual representation of a specific domain).
From Magpie towards 'personal portals'
Magpie is our framework partially responding to the challenge of users interpreting a given content from different conceptual perspectives Dzbor et al., 2004) . The end-user aspect of the Magpie framework comprises a plug-in extending standard browsers (e.g. Microsoft Internet Explorer or Mozilla). The plug-in enables the user to choose a particular ontology (which codifies a particular perspective on the domain in question) to access knowledge through conceptual 'hot spots' relevant to this perspective. The 'hot spots' are created automatically as a semantic layer over the actual content of the document. The plug-in allows the user to toggle subsets in the selected ontology by dynamically maintaining a 'perspective toolbar' representing the categories of semantically relevant knowledge as simple push buttons. An interaction scenario for using Magpie in educational setting has been described by Dzbor et al. (2004) , and Figure 1 to Figure 3 show typical user interaction from that scenario. 
Frame-based annotation
Unlike traditional portals, the information annotated and linked to in the Magpie-enriched document is soft; it changes when the ontological categories (see marker in Figure 1 ) are changed. The web page describing stratospheric circulation is a relevant but complex text, so the student interacts with it using the Magpie plug-in. After choosing a lexicon ('conceptual frame') the web page 1 is annotated with course-specific ontological concepts by pressing an appropriate button in the dynamic toolbar. Annotated and highlighted concepts (examples of which are shown by marker ) become 'hot spots' that allow the user to request a menu with relevant functionalities for each annotated item (the menu is shown by marker ).
Frame-based interactive services
The situatedness of learning mentioned earlier is supported by two unique facets of the Magpie infrastructure. First, a web application can be annotated in terms of a specific perspective 2 thus turning it into a semantic web service (DAML-Coalition, 2002) -a service that can be comprehended and invoked in a unified manner by a variety of agents (Berners-Lee et al., 2001) . Magpie aggregates semantic services available for a given ontology and a category of the highlighted concept into a streamlined right-click contextual menu (shown by marker in Figure 1 and Figure 2A ). The advantage of this soft approach is that the users neither need to use a complex query language nor need they browse through an extensive sequence of folders and/or documents.
Once a semantic service is invoked, its results are typically visualised in HTML. For instance, requesting the explanation of concept 'precipitation', the learner was given a short, textual explanation from the online course glossary (shown by marker in Figure 2A ). Marker shows a hyperlink to an image (shown in the background as Figure 2B ), which was taken from a library of third-party resources and found semantically close to the topic of precipitation. This composite answer to a very simple query is indeed an interpretative viewpoint of the selected ontology. It facilitates an expert's view -as if a tutor was putting the different learning resources available to the learner together. Because the answer to a semantic query may be a web resource in its own right, it can be further browsed, as well as semantically annotated. Here Magpie fuses the mechanisms for recognising semantic relevance and browsing the resulting web resources.
In addition to the dynamic nature of selected perspectives and relevant services, the users can take advantage of the second foundation of the Magpie framework. Unlike portal technologies, Magpie distinguishes between on-demand and trigger services; the latter being particularly suitable to facilitate pattern-based knowledge processes and to allow the service providers to share initiative with the learner. Trigger services also enable asynchronous information exchange unlike traditional portals that are largely based on the synchronous and stateless HTTP protocol. An example of a trigger service collecting on behalf of its user those concepts (and their original location) that can be modelled or visualised using course packages, is shown in Figure 3 . Details of trigger services can be found in .
Benefits of situated learning
An important side effect of this user-centred approach to interacting with knowledge through a selectable ontological perspective is that the framework can provide additional functionality basically 'for free'. For instance, the bookmarking functionality mentioned in Figure 3 is done automatically whenever the (trigger service) provider discovers the relevance of a particular entity to the visited document. The relevance is formally captured as annotation and it is automatically associated with the respective URI. This in turn allows the user to tap into this repository too -for instance, by asking the system queries such as 'find all pages I visited that are related to web research and describing some visualisation techniques'. This is clearly a significant step forward as compared to getting vast amount of replies from a typical search engine or asking the browser to revisit a page browsed 'in the last three weeks'.
The example presents Magpie as an application development framework for building semantic web applications. In this case, a course-specific ontology supports students in making sense of information about climate science, independently of where this information comes from. The application is built virtually by selecting or constructing an appropriate ontology and by defining appropriate services. The example highlights the desirability of openness with respect to services, so that more functionalities can be made available to students using standard mechanisms for interoperability on the web. This openness facilitates more focused approach to using scarce knowledge resources, and also enables personalisation. In the next section we look at how the functionality presented above relates to learning and its different cognitive levels, which were introduced earlier. Schraefel et al. (2004) argue that systems based on a hypertext paradigm using the 'click&go' metaphor for navigating through a knowledge space are rather weak in terms of Bloom's learning outcomes taxonomy. Particularly, they point to the focus on knowledge fragments, which is implemented in Magpie using the automated annotations and semantic menus, and suggest that such an interaction is 'triggered by isolated phrases, words or entities rather than (as one would hope in a Semantic Web) deeper issues of understanding of the text' (Schraefel et al., 2004) .
Contribution of Semantic Web approach to learning
We would like to argue to the contrary, and suggest that strategies such as those employed in Magpie and embodying the 'F-A-N' framework go beyond Bloom's knowledge recall (or as Schraefel et al. refer to it -'regurgitation of facts'). Namely, we do not import new links into a web document to regurgitate existing knowledge. We annotate phrases or concepts in the text that might be of a particular interest to the user subscribing to a certain perspective. This can indeed be seen as a basic level of Bloom's taxonomy facilitating fairly simplistic, phrase-or entity-based recall of relevant domain concepts in an arbitrary text.
From knowledge recall to knowledge application
Admittedly, mere annotation is of a limited use for the purposes of learning. However, when we take into account that our domain lexicons reflect, e.g., a course-specific viewpoint on a particular domain, the discovery of core concepts of the course in an arbitrary, third-party text and their association with an underlying domain model certainly shift the learning experience to the level of application and potentially comprehension. According to Bloom, the learner at the level of application is expected to apply snippets of knowledge in a novel context and possibly abstract term. Surely, the ability to interpret a complex scientific text from the domain of climate science, extract key aspects of that text relevant to a specific course, and thus link the text to the existing, often declarative knowledge satisfies such conditions and thus goes beyond mere recall.
Architecture in systems such as Magpie, supports this advanced knowledge-level task through an adaptive user interface responding to a domain-specific lexicon and ontology. Since Magpie does not require a portal to function, the learners visit and interact with the web documents in their natural setting. Thus, a Nature article on climate changes is accessed from Nature website, an analysis of stratospheric processes and their impact on terrestrial climate is also accessed at its original source -for example, NASA's Goddard Institute for Space Studies, and the latest news story about the changes in regional climate is seen at BBC News (for instance). These are unprocessed knowledge sources that are in no way adapted to the learners of a specific course. However, applying the concept of semantic layering, we encourage learners to interact with these texts through the eyes of their tutors and/or courses.
From knowledge application to analysis
Further stages of Bloom's taxonomy assume a learner being able to conduct some analysis and synthesis with the knowledge recalled (and annotated in an arbitrary text). These levels are partly catered for by Magpie's ability to dynamically associate a set of semantic services with the annotated phrases, concepts, and entities. These semantic services might operate on different levels of learning taxonomy. Obviously, some of them would be about recalling directly relevant information -such as, for instance, an explanation of a concept of 'precipitation' from our example in Figure 2 . However, in some cases, the services may either lead to other viewpoints on the same concept or perhaps perform some reasoning with the concept a learner is interested in. In both cases nevertheless, our approach to enriching arbitrary web documents guides the learner towards analytic mode of information processing.
Whether the result of a particular service accomplishes analytic or synthetic learning outcomes cannot be determined purely through navigation to or from a particular web document. In order to be able to declare a particular service analytic or merely recalling, we need to be aware of the learner's task. In other words, if the learner just idly browses the knowledge space associated with a particular phrase, there is very limited scope for some sophisticated analysis -the learner will perceive the results of invoking any service as recall or retrieval of different chunks of knowledge.
However, if the learner's objective is to gather material and scientific arguments for an essay, the results of service such as 'Background reading' or 'Scientific articles' (from Figure 1) are much more analytic than in the former case. By providing these results, Magpie not only recalls knowledge but associates particular arguments with a particular phrase. If a service and its available resources permit, we can easily imagine a result comprising a structured argument for and against a particular topic. An example of such an argument with further explanation of its relevance to learning can be found in (Stutt and Motta, 2004) , and is replicated in Figure 4 . Figure 4 Conceptual schema of a debate on the role of fossil fuels in climate change involving Lomborg's scepticism and more traditional views on a given climate issue (Stutt and Motta, 2004) Having presented the results of a semantic service in this argumentative way, the learner clearly uses more than just 'simple references' (Sellen et al., 2002) . He or she sees those references in a particular context, which in principle represents an analytic or even synthetic reasoning chain with the underlying primitive objects. The ovals in the figure may represent conceptual steps or milestones in the reasoning. Rectangles could be seen as links to appropriate physical resources, such as articles or even better arguments presented in those articles. The chain presented in Figure 4 could be accessed in a variety of ways. Assume a learner in our case clicks on a concept of 'carbon dioxide', which exists in our domain lexicon. From the services available for this concept, he or she chooses a hypothetic service 'Background reading'. 'Carbon dioxide' appears indirectly under two relevant concepts in the figure -rise of CO 2 set in opposition to its reduction. Several causally linked preconditions are suggested that could contribute to either phenomenon. For instance, the 'Kyoto Protocol' and 'Sea Level Rise' semantically associate the original concept of carbon dioxide with other topics. Two separate causal diagrams at the top of Figure 4 are linked through a staged argument drawing on different conceptual milestones of the causal diagrams. As we see from the lower half of Figure 4 , a new tentative relationship is suggested to the learner between the 'optimistic' and 'pessimistic' scenarios (i.e. the implemented Kyoto Protocol vs. rapid rise in temperature).
In addition to seeing the potential relationship, the learner can actually see the argument itself by accessing one of the rectangles in Figure 4 . In other words, our learner does not only receive an answer but might also develop a skill in associating objects and concepts with each other. Such associations might be semantic (e.g. between 'Rise in Temperature' and 'Global Warming'), causal (e.g. between 'Rise in Temperature' and 'Rise in Sea Level'), exclusive (e.g. either CO 2 rise or reduction), supportive (e.g. between 'European Commission Initiative X' and 'Kyoto Protocol'), or adversarial (e.g. between 'Sceptical Environmentalism' and 'Catastrophic Environmentalism').
Where do analytic capabilities come from?
Thus, we argue that judging a system per se for its analytic capabilities is rather superficial. Multimodal user interfaces that encourage exploration of domain knowledge, such as CS AKTive Space (Shadbolt et al., 2004) are an important step towards higher levels of Bloom's taxonomy. Nonetheless, the interfaces like that still subscribe to the paradigm of having a specialised portal (or space) for a particular domain of knowledge, and they still require the user to come to the portal to peruse its rich knowledge resources. The approach we are pursuing in the research on Semantic Web Frameworks -of which Magpie is one example -as well as Learning Webs (Stutt and Motta, 2004) , is more flexible and extensible.
From the user interface design perspective, we reuse the interfaces most of the learners are familiar with -in our case web browsers. By applying a semantic layer reflecting the learner's choice of ontological lexicon, we essentially treat the disconnected phrases, concepts, and entities in the text as potential 'gateways', through which resources on the Semantic Web can be accessed. Since we are not removing the learner from the original environment of the accessed web document, our strategy indeed implements aspects of the situational learning. It is this 'situatedness' and relatedness of the user interaction rather than any intrinsic property of the user interface that facilitates the transition from low levels of Bloom's taxonomy (knowledge recall) towards more sophisticated (and more desirable) ones -such as knowledge application or analysis.
Conclusion and discussion
We based this position paper on our experience with Magpie (Dzbor et al., 2003; -a suite of tools supporting a 'zero-cost' approach to semantic web browsing. Magpie avoids the need for manual annotation by automatically associating an ontology-based semantic layer to web resources. In this paper we largely looked at Magpie as a tool supporting the interpretation of web pages. One can see the automatic recognition of entities in web pages and their linking to semantic concepts as a way to bring an interpretative context to bear, which can help users in making sense of the presented information. We showed a use of Magpie in a learning context to help students of a course in climate science in understanding the subject. In such a context, Magpie adopts the viewpoint of an expert in the field, and uses this as an aid for navigating the web.
Actually, there are other ways to look at Magpie: as a tool to support interpretation of web resources through 'ontological lenses', as a way to support semantic web browsing, and as a framework for building semantic web applications. If we take the last perspective, Magpie goes beyond the adaptive hypermedia systems by providing a platform for integrating semantic services into the browsing experience, both in pull and push modalities. Magpie views the web as a knowledge-based servicing of various user needs. Using this 'web as computation' paradigm, we not only provide information about one concept, but can easily offer knowledge dependent on N-ary relationships among concepts (as e.g., suggested in our discussion staged around Figure 4 ). This is impossible in any hypermedia system -one can't use one click to follow multiple anchors simultaneously, and reach a single target chunk of knowledge.
Moreover, Magpie supports the publishing of new services without altering the servers or the plug-in. Service publishing leaves the users in control by allowing them to subscribe to the services of their choice. It also makes the development of a semantically rich application more modular; thus cheaper and easier for domain experts rather than knowledge engineers. This is more powerful than the mechanisms used by open hypermedia systems, which are largely based on the 'editorial choice of links'. Magpie provides facilities for the exploration of the actual knowledge space as contrasted with navigating through hypertext as one of its explicit manifestations. Activities based on following 'simple references' (Sellen et al., 2002) using open or closed hypermedia are not sufficient to facilitate document interpretation.
For instance, the climate science example mentioned above is an application characterised by a number of ontology-based services, which are made available to students opportunistically, when the 'right web page' is encountered. The key feature of Magpie here is that it allows developers to focus on the semantic functionalities, i.e., specifying and populating the ontology and defining the services, with no need to identify, let alone annotate web resources. Such an approach might considerably cut down time usually spent developing dedicated user interfaces of traditional web portals.
If we see Magpie as a semantic web browser, our approach provides an efficient way to integrate semantic and 'standard' (i.e., nonsemantic) web browsing, through the automatic association of semantics to web pages and the provision of user-interface support to semantic services. This allows the user to navigate the web using both semantic and hypertext links, and helps him or her to invoke the services appropriate for a given class of ontological entities.
In this paper we proposed a shift of the research from knowledge portals towards delivering what the end user can apply in many decision-making scenarios using what we called 'personal portals'. The quest for ever more complex, centralised, single-perspective knowledge portals is endless, only exacerbating the knowledge maintenance and information overload concerns. Rather than pouring resources into a centralised access to knowledge repository, we suggest a more distributed approach to accessing knowledge repositories. The core facets of such approach include:
• multiple ontologies
• dynamic selection of an ontological frame
• customisation of user interaction and knowledge-level inference results
• decoupling the content from multiple contexts using the principles of conceptual (re-)framing.
A prototype of such system described above is open-ended, extensible, and customisable by the moderately knowledgeable users, thus requiring limited support from specialised knowledge engineers.
The 'personal portals' based around Semantic Web browsers are not limited by having to bring the user to a specific place ('the knowledge or learning portal') in order to access and reuse knowledge. On the contrary, they bring the knowledge to the user regardless of the document presently visited. Knowledge access is based on its relevance rather than a user's visit of a particular location in the traditional knowledge portal. As a consequence, one can imagine a scenario with a learner visiting a competitor's site to read an interesting article, discovering its conceptual relevance to his or her course, yet still being able to query internal university repositories to associate this concept with knowledge available as a part of his or her course -without leaving the original site.
Hence, the approach we argue enables interaction with knowledge that is more situational, timely, and uses a wider variety of interaction modalities than traditional portals.
3 Respecting the situational nature of knowledge makes such 'personal portals' more versatile because the same principles can be used in a wide range of semantic web applications. For instance, Magpie has been piloted as a distance-education application for The Open University climatology course, which was extrapolated into a climate science 'portal' for the climateprediction.net project (Allen, 1999) . Other applications include organisational intranet or popular news domains.
Notes 1
The original text is a property of NASA Goddard Institute for Space Studies, and the page can be accessed at http://www.giss.nasa.gov/research/intro/koch_01/
